klii;^ 

IN TOE CLAIMS 

Please amend the claims as follow*; 
1-15, (Cancelled) 

16. {■Withdrawn} The material in accordance with Claim L wherein the proton conducting 
ceramic phase has a pyroehiore structure of (A^»,vA"v)->(S^, 1 R n }0?..> s wherein A' is a trivaient 
cation, A" k univalent cation, B is a ietraMlem cation and R k a divalent cation. 

17. (Withdrawn) The material in accordance with Claim 16, wherein A" and R are identical 
anions. 

18. (Withdrawn) The material In accordance with Claim 16. wherein 0< y<0.3. 
1.9, (Withdrawn) The material in accordance with Claim .16, wherein (>< n<0.3. 

20. (Cancelled) 

21. (Withdrawn) The materia; in accordance with Claim 20, wherein the complex perovskite 
has a structure of ATBS ^B'h.fAOf,.^ wherein A is a divalent ion, &' is one of a trivaient 
ion and. a ten avaient ion, and B" is i peniavalent ion. 

22. (Withdrawn) 'The material in accordance with Claim 21, wherein 0 < p <03. 

23. (Withdrawn) The material in accordance with Claim 21, wherein 0 < tp < 0,2. 

24 (Withdrawn) The material in accordance with Claim 20, wherein the complex perovskite 
has a structure A ; y(B' j * ? 3 W 2^)0$^ wherein A is a divalent ion, B' is one of a trivaient ion 
and a tetravalent ion, and B" is a pentavalent ion. 

25, (Withdrawn:) The material in accordance with Claim 24, wherein 0 < f> < 0,3. 
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26. (Withdrawn) The material in accordance -with Claim 24, wherein 0<cp < 0,2. 
27-29. (Cancelled) 

30. (New) A muiti -phase ceramic composite material comprising; 

a proton conducting ceramic phase having a prolomc conductivity greater than 
about 1 .0 x lCr- S/cm at an operating temperature; and 

an electron conducting ceramic phase with electronic conductivity greater than 
1.0 x 10" ; S/cm when measured Under reducing conditions with an oxygen partial 
pressure less than about 0.05 aim. said ekctron conducting ceramic phase 
comprising at least a portion that is not the product of a reaction involving the 
proton conducting ceramic phase; and 

wherein the materia! is substaniiallf gas impermeable when sintered, 

31. (Mew) 'The material in accordance witftClalm 30, : wherein the electron conducting; ceramic 
phase is structurally and chemically identical to at : least one product of a reaction between 
the proton conducting: phase and at least one expected gas, under operating conditions of a 
membrane .fabricated using the materia]. 

32. (New) The material in accordance with Claim 30, wherein the electron conducting ceramic 
phase has a form Ce ; . x B x Ch.. s , wherein B is selected from the group consisting of yttrium 
and an element belonging to the Lanthanldsj series in the periodic table, x is between about 
0 and about 0.75. and a is an oxygen deficiency. 

33. (New) The material, in accordance with Claim- 32, wherein x is between about 0.2 and about 
0,3. 

34. (New) The material in accordance with Claim 3 1 , wherein the electron conducting ceramic 
phase has a form Cepx%<?m* wherein 13 is se&stea fmm the; grwp consisting of yttrium 
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and an clement belonging to the Laathanide series m the periodic table, x is between about 
0 and about 0.75. and C is an mygm<k$tiwev^ 

35. (New) The material in accordance with Claim 34, wherein x is between, about 0.2 and about 
0.3. 

36. (New) The material in accordance with Claim 30, wherein the proton conducting ceramic 
phase has a perovskitc Structure. 

37. (New) The materia! in accordance with Claim 36 5 wherein the electron conducting- phase 
comprises a ceria, 

38. (New) The material in accordance with Claim 36, wherein the electron conducting phase 
comprises a doped ceria. 

3T (New) The materia! in accordance with Claim 34 wherein the perovskitc has a form Aw 
fi !TBs . v QvOi..6; wherein A is a bivalent cation selected fern the group consisting of barium 
(Ba). strontium (Sr). calcium (Co.) and magnesium (Mg) and combinations thereof; wherein 
P is an A-site dopant that is a cation; wherein B is a telravaleni; cation selected from the 
group consisting of an element in Group IV' of the period table and an element in the 
ianthanide series of the periodic table; wherein Q is a B-site dopant selected from the group 
consisting of an element in Group III ox the period table and an eiement in the ianthanide 
series of the periodic table; and wherein a is between about 0 and about 0.1. x is between 
about 0 and about 0.5, and y is between about 0 and about 0.3, a is a nomstoiemouietric A- 
she deficiency, and o is an oxygen derieieney, 

40. (Mew) The materia! according to claim 39. wherein the A-site dopant is a cation selected 
from the group consisting of ?r, Sm. Br and an element in the Ianthanide series of the 
periodic table. 
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41. (New) The material in accordan.ee with Claim 39, wherein o: is a non-stoiehiometric A-Site 
deficiency .. 

42. (New) The. material in accordance with Claim 3:9, whercm S is an Oxygen deficiency. 

43. (New) The material in accordance with Claim 30, where the proton conducting ceramic 
phase is a complex pcrovsfc&e. 

44. (New) The material in accordance with Claim .'30. farther comprising a secondary ceramic 
phase added below a percolation limit to. improve •iiermodynam]e stal)iiity. 

45. i New? The material in accordance with Claim 30, further comprising a second 
electronically conducting phase selected from the. group consisting of tin oxide (SoCk), 
doped SnOy, tungsten oxide (WOy), doped cobalt oxide fCoOy), doped C0O3 and 
silicon carbide (SiCy 

46. (New) The material in accordance with Claim 3(1 wherein the amount of the electron 
conducting ceramic phase is at least the percolation limit of the electron conducting 
ceramic phase in the material. 

47. (New) The material in accordance with. Claim; 3D, wherein the amount of the electron 
conducting ceramic phase is about 50% by volume of the material. 

48. (New) The material in accordance with Claim 30, further comprising an amount of 
electron conducting ceramic phase sufficient to prevent the fermation of carbonate when 
the materia? is in the presence of carbon dioxide. 

49. (New) The materia! in accordance with Claim 30, furtlier comprising an amount of the 
electron conducting ceramic phase sufficient to prevent the 'formation of hydroxide when 
the material is in the presence oh water. 



Setiat NsmiWv'i: L>kU !900O. 92 fCKIOOU US) 

:<.<u,u ;>:u.c March S 2004 

^i^A^oii^Lia:^ ■ : obo r: •^j^y::;:?;.-:;y;::^cTiNo ^mbka^s ro>i H^^oi^iMPAjv^jN 



50. (New) The material in accordance with "Claim, wherein the proton conducting phase and 
the electron conducting phase axe present in the material in sufficient quantities such that 
die material is impermeable to gas when sintered. 

51. (New} A multi-phase ceramic composite material comprising: 

a proton conducting ceramic phase: having a pixnenie conductivity greater than 1 ,0 
s 10° S/crn at an operating, temperature: and 

an electron conducting ceramic phase with- electronic conductivity greater than 
LO x I if' Stem when measured under reducing conditions with an oxygen partial 
pressure less than 0.05 aim, said electron conducting ceramic phase forming at 
least one contiguous path between opposing ends of the material such that 
electrons may pass through the material; 

wherein the material is substantially gas impermeable when sintered.. 

.52. (New) The material in accordance with Claim 5 L wherein the electron conducting ceramic 
phase is structurally and chemically identical to at least one product of a reaction between 
the proton conducting phase and at least one expected gas; under operating conditions of a 
membrane -fabricated using the material. 



53- (New) The material in accordance with Claim 51 ? wherein the electron conducting ceramic 
phase has a form 0»i«P*02*, wherein B is selected Iron: the group consisting of yttrium 
and an element belonging to the Laathanide scries In the periodic table, x is between about 
0 and about 0,75, avid z is an oxygen defieieney; 



54. (New) The material in accordance with Claim 53, wherein x is between about 0.2 and about 
0,3. 



55. (New) 'the material in accordance With Claim 52, wherein: the electron conducting ceramic 
phase has a form C^B^D^,. wherein B is selected from the group consisting of yttrium 
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and an clement belonging to the Tanthanide series in the periodic table, x is between about 
0 and about 0,75, and a is an oxygen deficiency. 

56. (Newt The materia! in accordance with Claim 55, wherein x is between about 0-2 and about 
0.3, 



57. (New) The material in accordance with Giahn SI, whemothe proton conducting ceramic 
phase has a perovskhe structure. 

58. (New) The material in accordance Widr Giaim S% wherein the electron conducting phase 
comprises a eeria, 

59. (New) The material in accordance with Claim 57. wherein the electron conducting phase 
comprises a doped eeria. 

60. (New) The material in accordance with Claim 57, wherein the perovskhe has a form Ay k . 
< x l\BuyQ y Chsl wherein A is a bivalent cation selectedfrom the group consisting of barium 
(Bal strontium (Sr.). calcium (Ca) and magneslam (Mg) and combinations thereof; wherein 
P is an A -site dopant that Is a cation; wherein: B is a letrayalent cation selected from the 
group consisting of an element in Group IV of the period tabic and an element in the 
iamhanide series of the periodic table; wherein Q is a .B-site dopant selected from the group 
consisting of an element in Group III of the period tabic: and an element in the lanthanMe 
scries of the periodic table; and wherein a is between about 0 and about OJ, x is between 
about 0 and about 0.5, and y is between about 0 and about 0.3, a is a non- stoichiometric A- 
site deficiency, and 0 is an oxygen deficiency. 



bi. (New) The material according to claim 60, wherein, the A-site dopant is a cation selected 
from the group consisting of Pr, Sue Er and an element hi the lanthanide series of die 
periodic table. 
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62. (New) The materia! in accordance with Claim 60, wherein a is a Don-stoiehiornetric A-site- 
deficiency, 

63. (New) The material in accordance with .Claim 60, wherein 1 is an oxygen, deficiency. 

64. (New) The materia! in accordance with Claim SI, where the proton conducting ceramic 
phase is: a complex perovskhe, : 

65. (New) The materia! in accordance with Claim 51.. further comprising a secondary ceramic 
phase added below a percolation limit to improve fenttodynamic stability:. 

66. (New) The material in accordance with Claim SL farther comprising a second 
electronically conducting phase selected from the group consisting of tin oxide (SnCNh 
doped SnCT, tungsten oxide (WO,), doped WCN cobalt oxide (Co.Q*) ? doped CoCo and 
silicon carbide (SIC). 

•67. (New) T he material in accordance with Claim Si, wherein the amount of the electron 
conducting ceramic phase is at least the percolation limit of the electron conducting 
ceramic phase in the materia!. 

68. (New) The material in accordance with Claim 5 C wherein the amount of the electron 
conducting ceramic phase, is about 50% by volume of the material 

69. (New) The material in accordance with Claim 5 C wherein the amount of the electron 
conducting ceramic phase is sufficient to prevent the formation of carbonate when the 
material is in the presence of carbon dioxide, 

70. (New) The material m accordance with Claim 51, wherein the amount of the electron 
conducting ceramic phase is sufficient to prevent the formation of hydroxide when the 
materiel is in the presence of water. 
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7 1 . ( New) I be material in accordanee with Claim 5 1 , wherein the proton conducting phase 
and the electron conducting phase are present in the material, in sufficient quantities such 
thai the material is impermeable to gas when sintered. 

72. (New) A ntnlii -phase ceramic composite materia! comprising: 

a proton conducting ceramic phase having a protonic conductivity greater than 1 .0 
x Sir 3 S/crn at an operating temperature; 

an electron conducting ceramic phase with electronic conductivity greater than 
} ,Q x ](r Stem when measured under reducing conditions with an oxygen partial 
pressure less than 0.05 aim and wherein the amount of the electron conducting 
•ceramic phase is sihtMent to prevent the formation of carbonate in the presence 
of carbon dioxide and the formation of hydroxide in the presence of water; and 
wherein the material is substantially gas impermeable when sintered. 



